A Ai im m o of f t th he e s st tu ud dy y: : To evaluate the toxicity, clinical effectiveness and survival rate of transurethral resection, neoadjuvant chemotherapy and accelerated hyperfractionated radiotherapy (concomitant boost), with or without concurrent cisplatin in patients with muscle invasive bladder cancer. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : Between March 2004 and December 2009, 35 patients with histologically proven invasive carcinoma of the bladder (T2-4a, N0-1, M0), who were fit for combined radioche motherapy and refused radical surgery or were medically or surgically inoperable, were selected for the bladder-sparing protocol. R Re es su ul lt ts s: : In this study, twenty-five patients (25/35; 72%) received two cycles of neoadjuvant chemotherapy, and ten of them (10/35; 28%) only one, because of treatment-related toxicity. In twenty-one patients (21/35; 60%) chemotherapy con sisting of gemcitabine with cisplatin and in fourteen patients (14/35; 40%) gemcitabine with carboplatin were applied. Only 13 patients (13/35; 37%) received combined irradiation with cisplatin. All patients completed their plan ned course of radiation therapy. Com plete response (CR) occurred in 26/35 (74%) patients, partial response (PR) in 2/35(6%), and stable disease (SD) in 7/35 (20%). The overall actuarial survival rates at 3 and 5 years were 75% and 66%, respectively. Disease-specific actuarial survival rates at 3 and 5 years were 81% and 71%, respectively. C Co on nc cl lu us si io on ns s: : Conservative treatment of patients with muscle-invasive bladder cancer by transurethral resection, neoadjuvant chemotherapy, and accelerated hyperfractionated radiotherapy with concomitant boost, with or without concurrent cisplatin, provides a high probability of local and distal response with acceptable toxicity in properly selected patients. K Ke ey y w wo or rd ds s: : bladder cancer, transurethral resection, chemotherapy, radiotherapy.
Introduction
Radical cystectomy remains the gold standard treatment for invasive bladder cancer, despite encouraging results of bladder preservation regimens in a series of single institution and cooperative group trials [1] [2] [3] [4] [5] [6] . However, no randomized trial has ever been conducted to directly compare cystectomy and selective bladder-sparing therapy. It should be pointed out that patients selected for a conservative approach have worse performance status, are relatively older, with more advanced clinical stage and significant comorbidities, compared with those treated by surgery.
Combined modality bladder-sparing treatment can achieve complete response rates of 60-85% and 5-year overall survival rates of 50-63%, and approximately 75% of surviving patients maintained their bladder [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The most optimal bladder-preserving approach combines maximal transurethral resection of bladder cancer (TURB), followed by radiation therapy (RT) and systemic chemotherapy (CT), with cystectomy reserved for salvage. For patients who are not surgical candidates or refused surgery, primary local treatment alone (TURB plus radiation therapy) has afforded clinical complete response rates of 40-50% and 5-year survival rates of 20-40%. Many studies have been performed to improve the results of radiotherapy in treatment of invasive bladder cancer by escalation of total dose, adoption of altered fractionation, reduction in overall treatment time, combining teleradiotherapy with brachytherapy or using radiosensitizers. In attempts to obtain better results of local treatment of invasive bladder cancer systemic chemotherapy has been incorporated due to low local control and a high rate of distant metastases. The optimal management of chemotherapy and radiation therapy delivery, sequentially or concurrently, remains to be determined.
We designed a bladder-sparing treatment protocol consisting of transurethral resection, neoadjuvant chemotherapy with gemcitabine and cisplatin or carboplatin, and accelerated hyperfractionated radiotherapy (concomitant boost) with concurrent cisplatin, in an effort to improve both local and distant control. March 2004 and December 2009, 35 patients with histologically confirmed invasive bladder cancer (T2-4a,N0-1,M0) , who were fit for com-bined radiochemotherapy and refused radical surgery or were medically or surgically inoperable, were selected for bladdersparing treatment. Exclusion criteria were as follows: Karnofsky status < 70%, haemoglobin < 10 g/dl, white blood cell count < 4000/ml, platelet count < 100,000/ml, serum bilirubin and se rum creatinine level above the upper limit of normal, previous radiotherapy to the pelvis. Prior to therapy, all patients underwent physical examination with DRE (digital rectal examination), cystoscopy with TURB, haematological, renal and biochemical blood tests, CT scan of abdomen and pelvis, and chest X-ray.
Material and methods

Between
The In patients with abnormal renal function and/or severe heart disease chemotherapy with gemcitabine and carboplatin was used. Gemcitabine 1000 mg/m2 over 30 to 60 minutes on days 1, 8, and 15, plus carboplatin dosed at an area under the curve (AUC) of 5 over 60 minutes on day 2 were gi ven. Cycles were repeated every 28 days. Twenty-one patients (60%) in this group received chemotherapy consisting of gemcitabine with cisplatin and fourteen patients (40%) gemcitabine with carboplatin.
External beam RT with computed tomography-based images was performed with 6 MV or 18 MV photon beams from the linear accelerator. Radiotherapy was started about 4-6 weeks after neoadjuvant chemotherapy. The irradiation dose per fraction was 1.8 Gy daily, to a total of 45 Gy to the whole bladder with 2-3 cm margin, for 5 weeks -25 × 1.8 Gy, once daily, 5 days a week. Additionally, all patients received a concomitant boost to the whole bladder with 1-1.5 cm margin, during the two last weeks of treatment, as a second fraction to the total dose of 60 Gy, and a 6-hour interval between two fractions a day was mandatory. A four-field or a threefield technique was used with individually shaped portals by multi-leaf collimators (MLC). Patients were treated with an empty bladder.
Concurrent chemotherapy was applied on days 1, 2, 15, 16, 29, 30 of radiotherapy and consisted of cisplatin 20 mg/m 2 in 30 min infusion, 3-4 hours before irradiation. From 2008, cisplatin 20 mg/m 2 in 30 min infusion on days 1, 7, 14, 21, 28, 35 of radiotherapy was administered. Only 13 patients 13/35 (37%) received combined irradiation with cisplatin. The remaining patients were not treated with cisplatin during irradiation, due to exacerbation of chronic comorbid diseases.
The treatment scheme in a group of 35 patients with invasive bladder cancer is presented in Table 1 .
Acute toxicities were recorded every week according to the Common Toxicity Criteria for Adverse Events [13] .
Initial treatment response was assessed 4-6 weeks after neoadjuvant chemotherapy, by re-evaluation of tumour size by computed tomography of pelvis.
Six to eight weeks after completion of the concervative treatment, response was evaluated by control cystoscopy with biopsy of the former tumour region or TURB. In case of a histologically proven complete response, patients were followed up at 3-month intervals for the first 3 years and every 6 months for 5 years and then annually. Evaluations consisted of physical examination and cystoscopy, with biopsies only if clinically indicated. Each year, abdominopelvic computed tomography, chest X-ray or other instrumental examinations, if indicated, were performed.
For persistent or recurrent invasive tumour, salvage cystectomy was recommended, while for superficial recurrences, TURB and intravesical therapy were advised.
Actuarial survival probabilities were calculated using the Kaplan-Meier method [14] . Overall survival (OS) was calculated from the date of treatment initiation to the date of death of any cause, or censor date for alive patients. Disease-specific survival (DSS) was defined as the duration from the date of treatment initiation to the date of death from bladder cancer or last follow-up. Bladder-intact survival (BIS) was defined as the interval between treatment initiation and cystectomy or death or last follow-up if no event occurred.
Results
Acute toxicity of treatment
Twenty-five patients (25/35; 72%) received two cycles of neoadjuvant chemotherapy, and ten of them (10/35; 28%) only one, because of treatment-related toxicity. During neoadjuvant chemotherapy typical acute haematological toxicity, mainly grade 1-2, was presented. Grade 1-2 haematological side effects included anaemia in 6/35 (17%), leucopenia in 20/35 (56%), neutropenia in 9/35 (26%) and thrombocytopenia in 6/35 (17%) patients. Grade 3 toxicities in terms of leucopenia occurred in 1/35 (3%), neutropenia in 8/35 (23%) and thrombocytopenia in 8/35 (23%) patients. In one patient, neoadjuvant chemotherapy was discontinued after the first cycle, due to severe acute toxicity -leucopenia G 4 , Complete response (CR) after finished conservative treatment -transurethral resection, neoadjuvant chemotherapy with gemcitabine and cisplatin or carboplatin, and accelerated hyperfractionated radiotherapy with concomitant boost with or without concurrent cisplatin -occurred in 26/35 (74%) patients, partial response (PR) in 2/35 (6%), and stable disease (SD) in 7/35 (20%). The group without complete response consisted of T3-T4 patients, except one T2. Response rate and failure pattern related to treatment scheme are shown in Table 2 .
In a group of 9 patients with persistent disease, two were salvaged with cystectomy. The rest of them were unfit for surgery due to stage of disease and/or performance status. They were treated by transurethral resection and/or systemic chemotherapy.
Three of 26 patients who were clinical complete responders had invasive bladder recurrence. Superficial relapse occurred in 6 patients. Median time to local failure was 26 months (range 15 to 77 months). Two patients with invasive recurrence underwent salvage cystectomy; one was treated by transurethral resection. Patients with superficial relapse were treated by transurethral resection followed or not followed by endovesical therapy.
Metastases developed in 9 patients, without associated local failure in 2 cases.
Survival
At the time of analysis median follow-up for surviving patients was 46 months. There were 10 deaths in the whole group.
The overall actuarial survival rates at 3 and 5 years were 75% and 66%, respectively. Disease-specific actuarial survival rates at 3 and 5 years were 81% and 71%, respectively. Bladder-intact survival at 3 and 5 years were 72% and 63%, respectively.
Discussion
In the current series, the 5-year overall survival rate of 66% and disease-specific survival rate of 71% are similar to the results of others [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
We observed a substantial percentage of response failure, and finally poor results in patients with locally advanced tumour T3-T4. Of the patients with incomplete response (9/35; 26%), only two were treated with salvage cystectomy. The rest of them were considered unfit for radical cystectomy due to stage of disease and/or medical contraindications or refused surgery. For patients with tumour persistence or with invasive recurrence, close cystoscopic surveillance with prompt salvage cystectomy is an essential part of the bladder preservation strategy which allows to obtain long-term results. In our series only four patients (4/35; 11%) were treated with salvage cystectomy due to incomplete response or local failure, which is a considerably low number compared with other series. In published studies salvage cystectomy was done when necessary in about 20-35% of all patients treated by selective bladder preservation [1, 4, 5] . The decision to remove the bladder should not be deferred if no complete response is achieved. The second curative approach by salvage surgery in case of local failure can be performed safely, with comparable risk of complications to primary cystectomy.
Close cooperation between urologic surgeons, radiation oncologists and medical oncologists seems to be most important in order to succeed in organ preservation therapy for muscle invasive bladder cancer.
Our results are also comparable to contemporary radical cystectomy series [15] . It should be noted however, that direct comparison to cystectomy is confounded by the discordance I In nv va as si iv ve e b bl la ad dd de er r S Su up pe er rf fi ic ci ia al l D Di is ss se em mi in na at ti io on n r re ec cu ur rr re en nc ce e r re el la ap ps se e between clinical and pathologic staging [16, 17] . Despite the innovation of modern methods of imaging, TURB constitutes the most important part of clinical staging. However, all parts of clinical staging are connected with a high percentage of errors. The clinical staging is more likely to understage the extent of disease with regard to penetration into muscular propria or bladder surrounding fat. Despite the many randomized controlled trials carried out, controversy still exists as to whether neoadjuvant chemotherapy improves survival in patients with invasive bladder cancer treated conservatively [6, [7] [8] [9] . The international phase III trial assessing neoadjuvant cisplatin, methotrexate, and vinblastine chemotherapy (CMV) for muscle-invasive bladder cancer BA06 30894 showed a statistically significant 16% reduction in the risk of death (HR 0.84; CI: 0.72-0.99; p = 0.037), corresponding to an increase in 10-year survival from 30% to 36% [6] . A meta-analysis assessing the effect of neoadjuvant combination, platinum-based chemotherapy in treatment of invasive bladder cancer showed a significant benefit for overall survival, which increased from 45% to 50%, and reduced risk of death by 13% [12] . This effect was observed irrespective of the type of local treatment. However, the results of a randomized trial (RTOG 89-03) comparing two treatment arms of RT and concurrent cisplatin with or without neoadjuvant chemotherapy, using the CMV scheme, reported no differences in terms of local control, survival without metastases and overall survival [13] . The presented data suggested that prolongation of treatment time could have an unfavourable effect.
Clinical research on using cisplatin in combination with RT, in patients with invasive bladder cancer, has demonstrated objective tumour responses of up to 80%, with acceptable toxicity [2, 5, [10] [11] . In a prospective study, use of a daily low dose of cisplatin (6 mg/m 2 ) with accelerated radiotherapy, in patients with invasive bladder cancer, was feasible with acceptable tolerance, even in relatively old patients [11] .
With only 13 patients (13/35; 37%) who received combined chemoradiotherapy with cisplatin after neoadjuvant chemotherapy consisting of gemcitabine with cisplatin or gemcitabine with carboplatin, this regimen appears to be poorly tolerated by most patients. The toxicity of cisplatin significantly limits its utility. The rate of chemoradiotherapy is also adversely impacted by toxicity of neoadjuvant chemotherapy.
Many studies have been conducted to improve the results of radiotherapy in treatment of invasive bladder cancer by adoption of altered fractionation, to reduce overall treatment time and acceleration of clonogenic repopulation of tumour [19] [20] [21] [22] [23] . One of the methods of altered fractionation, used in treatment of invasive bladder cancer, is accelerated superfractionated radiotherapy with concomitant boost, which allows to obtain a complete response in about 74-80% of invasive bladder carcinoma patients, with acceptable toxicity [19, 20] .
On the other hand, some authors consider that the effect of the overall treatment time (OTT) in invasive bladder cancer is difficult to define [21] or they even do not find a statistically significant correlation between local control and treatment time [22] . The results of a published randomised phase III trial comparing accelerated with conventional fractionation, showed no improvement of the accelerated arm [23] .
Another strategy is to target tumour cell repopulation by the addition of chemotherapy to radiotherapy [1] [2] [3] [4] [5] [6] [10] [11] [12] . Rapid proliferation is associated with improved local control, if patients are treated with concurrent radiochemotherapy [24] . The cytotoxic effect of concurrent chemotherapy may effectively inhibit repopulation during fractionated radiotherapy. To enhance this effect, chemotherapy with accelerated radiotherapy protocols were designed, in an effort to improve both local and distant control [25] [26] .
In the trial RTOG 97-06, in which patients were treated with twice daily accelerated irradiation with cisplatin, and adjuvant CMV (methotrexate, vinblastine and cisplatin) and trial RTOG 99-06, using twice daily radiotherapy with cisplatin and paclitaxel and adjuvant cisplatin and gemcitabine, the complete response rate achieved ranged from 74 to 81% [25, 26] .
In our series, a CR rate of 74% was observed, which is similar to that in other bladder sparing regimens. However, it should be noted that the majority of treated patients were in an advanced stage of disease -77% of treated patients with T3-T4.
Acute bowel and urinary toxicity during accelerated hyper fractionated radiotherapy with concomitant boost for invasive bladder cancer were observed in 74-95% and 74-91% of the patients, respectively, which is consistent with our observations [19, 20] . We observed acute bowel and urinary toxicity, mostly grade 2, in 54% and 80%, respectively, except one G3 genitourinary. All patients received planned irradiation with the prescribed dose, at the schedule time.
In conclusion, conservative treatment of patients with muscle-invasive bladder cancer by transurethral resection, neoadjuvant chemotherapy, and accelerated hyperfractionated radiotherapy with concomitant boost, with or without concurrent cisplatin, provides a high probability of local and distal response with acceptable toxicity in properly selected patients who are unwilling or unfit to undergo radical cystectomy. Close surveillance after multimodality bladder preservation therapy with salvage cystectomy for nonresponders or recurrence is an integral and important part of this treatment.
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